molecular recognition event of the catalyst.
Nonenzymatic approaches toward regioselective acylation of polyol derivatives is one of the current synthetic challenges. 1 We have reported organocatalytic regioselective acylation of carbohydrates 2 and chemoselective monoacylation of linear 15 diols, 3 in which substrate recognition by the catalyst appears to be the origin of the selectivity. Here, we report regio-and chemoselective acylation of 2-aminopentane-1,5-diol derivatives by organocatalysis. The selectivity of acylation was found to be totally catalyst-controlled, independent from the intrinsic 20 reactivity of the diol substrates.
The regioselective acylation of polyol derivatives, including carbohydrates, has been extensively studied by enzymatic protocol. 4 Especially, selective acylation of a primary hydroxy group in the presence of multiple secondary hydroxy groups of 25 carbohydrates has been achieved efficiently. On the other hand, differentiation between the primary hydroxy groups in polyol substrates has been relatively unexplored, probably due to the difficulties resulting from the similar intrinsic reactivity of the primary hydroxy groups. While selective acylation of a primary 30 hydroxy group in primary diol substrates has been reported by enzymatic processes, 5,6 the corresponding nonenzymatic process has scarcely been developed. 7 Hanessian and co-workers reported regioselective monoacylation of (R)-N-protected-2-aminopentane-1,5-diols, in which the 5-pivalates were obtained 35 as the major acylate in 32-50% yield, which were important building blocks for morphinomimetics (Scheme 1). 8 The regioselectivity of acylation seemed to result from the difference in the intrinsic reactivity of the two hydroxy groups due to steric reasons (substrate-controlled regioselectivity).
Inspired by 40 Hassesian's results, we investigated whether the regioselectivity well as our previous results from geometry-selective acylation of unsymmetrically substituted 2-alkylidene-1,3-propanediols. 10 Treatment of 1 with acetic anhydride in the presence of 4-dimethylaminopyridine (DMAP) in chloroform at -60 C gave 5-acetate 2 and 1-acetate 3 in a 16 : 84 ratio in a combined yield of 38% with concomitant formation of the diacetate in 30% yield (entry 1). This result indicates that the C(1)-OH is intrinsically more reactive than the C(5)-OH in substrate 1, and also that the control of overacylation is difficult in the DMAP-catalyzed acylation even by performing the reaction at -60 C. Similar 70 regioselectivity favouring the formation of 3 (2:3=30:70) was observed in the acylation catalyzed by 4 (entry 2), which was reported to be an effective catalyst for regioselective acylation of glycopyranoses and chemoselective acylation of linear diols.
2,3
Contrary to these results, 5-acetate 2 was obtained as the major 75 acylate (2:3=83:17) in the acylation catalyzed by 5 (entry 3). High regioselectivity (2:3=96:4) was observed in the acylation of 1 catalyzed by 6 (entry 4). The monoacetates were obtained in the increased combined yield of 88% with diminished formation of the diacetate in 7%. Further selective acylation was achieved by 80 catalyst 7. Treatment of 1 with acetic anhydride in the presence of 10 mol% of 7 gave 5-acetate 2 as the sole monoacetate in 95% yield with only 3% formation of the diacetate (entry 5). Thus, regioselectivity of the acylation of 1 promoted by 7 was found to be totally catalyst-dependent. It was also observed in the 85 acylation reactions in entries 3-5 that the higher ratio of 5-Oacylation was associated with the higher ratio of mono/diacylation. These results suggest that 5-O-acylation catalyzed by catalysts 5-7 proceeds in an accelerated manner. be attained by a catalyst-controlled manner, overcoming the intrinsic higher reactivity of the C(1)-OH of substrate 1, provided that the regiochemical profile of the DMAP-catalyzed acylation is the measure of substrate-controlled selectivity (entry 1). However, the steric environment around the C(5)-OH in 1 seems to be less 10 hindered compared to that of the C(1)-OH, which was suggested by Hanessian's regiochemical results observed in the acylation of the related substrates (Scheme 1). We then examined acylation of the corresponding derivatives of 1 with a secondary hydroxy group at C(5), 8-11 (Table 2 ). The primary hydroxy group at C(1) 15 of 8 (R=Me) was acylated almost exclusively in DMAP-catalyzed acylation, indicating the much higher intrinsic reactivity of the primary C(1)-OH than the secondary C(5)-OH (entry 1). Contrary to this result, 8 underwent acylation almost exclusively on the secondary hydroxy group at C(5) in the presence of catalyst 7
20
(entry 2). Similarly, chemoselective acylation at the secondary hydroxy group was observed in substrate 9 possessing an ethyl substituent at C(5) (entry 3). Surprisingly, acylation took place almost exclusively on the sterically hindered secondary hydroxy group at C(5) of 10 (R=i-Pr) in the presence of catalyst 7 (entry 25 4). Acylation of 11 with a butyl substituent at C(5) took place to give the acylate of the secondary hydroxy group (sec-OAc : priOAc = 98 : 2, entry 5), whereas that of its C(5)-epimer, 5-epi-11, gave the acylate of the primary hydroxy group almost exclusively (sec-OAc : pri-OAc = 3 : 97, entry 7). The acylation of 11 in the 30 presence of 6, the diastereomeric catalyst of 7, gave ca. 1:1 mixture of the acylates of the secondary and primary hydroxy groups (entry 6). An exclusive formation of the acylate of the primary hydroxy group among the monoacylates was observed in the acylation of 5-epi-11 promoted by 6 (entry 8). The results
35
observed in the acylation reactions in entries 5-8 suggest that chirality of the side chains of catalysts 6 and 7 is responsible for recognition of the substrate chirality. The absolute configuration at C(5) of 8 and 11 was determined by a modified Mosher's method. 11, 12 The absolute configuration at C(5) of 9 and 10 was 40 tentatively assigned based on the comparison of their chemoselectivity for acylation with that of 11 and 5-epi-11. The results in Table 2 indicate that highly chemoselective acylation of 8-11 catalyzed by 7 (entries 2-5) was assumed to result from recognition of the distance between the OH group and the NHNs 45 group as well as chirality at C(5) by catalyst 7. The assumption about length recognition was supported by the reaction of 2-aminobutane-1,4-diol derivative 12 (Scheme 2). Treatment of 12 with the same procedure as that in Table 2 gave 4-acetate 13 and 1-acetate 14 in ca. 1:1 ratio. The difference of the only one 50 methylene unit between 12 and 1 resulted in a dramatic loss of the regioselectivity in the acylation of 12. This suggests that catalyst 7 promotes regioselective acylation based on the recognition of the distance between the functionalities in the substrates. 55 In order to gain mechanistic insights into the observed chemoselectivity in the acylation of 1 catalyzed by 7, effects of solvents, temperature, and substrate structure were investigated ( Table 3 ). The selectivity for 5-O-acylation of 1 in the presence 9). These results suggest that the more acidic hydrogen of the NHNs group in 1 serves as a hydrogen bond donor suitable for the interaction with catalyst 7. Obviously, further investigations including 20 spectroscopic analyses for the catalyst-substrate interaction are to be devoted for clarifying the mechanism for the regio-and chemoselective acylation promoted by catalyst 7.
25 Table 3 Effects of solvents, temperature, and nitrogen-protecting groups on chemoselectivity of acylation of 2-aminopentane-1,5-diol derivatives.
a
In conclusion, we have developed highly chemo-and 30 regioselective acylation of 2-aminopentane-1,5-diol derivatives promoted by organocatalysts. Catalyst 7 appears to be able to recognize the distance between the functionalities and chirality of the substrates, and promote catalyst-controlled regio-and chemoselective acylation efficiently. By virtue of the molecular 35 recognition event of the catalyst, an acyl group can be chemoselectively introduced on the sterically much hindered secondary hydroxy group in the presence of the primary one. 
